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The study here examines the performance of Tasmanian public primary schools 
over the period of 2000 to 2007. The three principal objectives of the study are (i) to 
investigate the effects of school resources on students‘ academic achievement; (ii) 
evaluate schools‘ technical efficiency; and (iii) to identify the factors that affect the 
schools‘ technical efficiency. To explore the first objective, an educational production 
function is estimated. The second and the third objectives are examined by employing 
two techniques, namely, Stochastic Production Frontier (SPF) and Data Envelopment 
Analysis (DEA).  
On the basis of the estimation of a Fixed Effects model of a Tasmanian 
educational production function, a one per cent increase in educational expenditure per 
student is associated with an increase in the reading, writing and numeracy scores of 
0.38%, 0.36%  and 0.43%, ceteris paribus. Male students‘ performance was on average 
lower than female students. Evidence of relatively lower performance by indigenous 
students was found. Students‘ performance was also negatively affected by their level of 
absenteeism. Positive effects of parental education on Tasmanian students‘ academic 
achievement were found but the effects of parental occupation were not statistically 
significant.  
The SPF estimates suggest that Tasmanian public primary schools are almost 
technically efficient with the average technical efficiency score constant at 97% from 
2003 to 2007. No technical efficiency change in the public primary educational sector in 
Tasmania over the period could be detected. The schools‘ technical inefficiency scores 
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were positively associated with students‘ suspension rates. Mothers‘ occupational status 
had a significant negative effect on technical inefficiency.  
The average technical efficiency obtained under the DEA (assuming variable 
returns to scale) was constant at 95% over the study period (implying no technical 
efficiency change). On the basis of Tobit regression results, positive effects of parental 
occupation on technical efficiency were also found. The number of Aboriginal and 
Torres Strait Islander students; students who had English as a second language; the 
number of disability students; students‘ absenteeism rate and that a school was classified 
as rural all had a negative effect on technical efficiency. 
Urban schools were found to be more scale efficient than rural schools. Lower 
scale efficiency for rural schools was due to non-optimal school size (due to remote 
location and low population density). 
The efficiency rankings of schools based on the SPF and DEA methods vary due 
to (i) the different ways the SPF and DEA discriminate between schools in the 
construction of the production frontiers, and (ii) the different methodologies SPF and 







The accomplishment of this thesis is only possible by the various levels of 
support that I received from many people and institutions. I would like to thank my 
principal supervisors, Assoc. Prof. Michael Brooks and Dr. Paul Blacklow, for their 
supervision, advice and support over the past years. I also thank Prof. Ranjan Ray and 
Dr. Sarah Jennings for their initial supervision of the thesis. I am also thankful to the 
postgraduate academic advisors, Janet Counsell and Marian Mae, for the academic 
advice and suggestions made to the draft of the thesis. My gratitude also is extended to 
Sue Abel, Tracy Kostiuk and the members of the School of Economics and Finance for 
the collegial assistance and support throughout my candidature. I also thank the staff of 
various offices of the University of Tasmania for all the direct and indirect supports 
extended to me. 
I also acknowledge the cooperation received from the Department of Education, 
Tasmania, for assisting me in the preparation of a dataset required for the research.  
My gratitude also goes to the Ministry of Higher Education, Malaysia (MOHE); 
my employer, the International Islamic University, Malaysia (IIUM); and University of 
Tasmania (UTAS) for the scholarships received during the candidature.  
To my parents, I am indebted to both of you for the upbringing, love and 
encouragement. To my beloved wife, Shariffah Nehran, and children, Muhammad Aryff 
and Wan Nahrisyah, your love and accompany are my source of inspiration. To my 
relatives, friends and everyone whom I may miss to mention their names here, I 








1 Introduction 1 
1.0 A Brief Overview                                                                                              1 
1.1 Statements of Issue and Motivation                                                                   2 
1.2 Objectives of Research                                                                                      5 
1.3 Potential Outcomes and Contributions of the Research                                    5 
1.4 Structure of the Research                                                                                   6 
  
2 A Survey of Tasmanian Students‘ Academic Achievement                                        9 
2.0 Introduction  9 
2.1 Tasmanian Education System 9 
2.2 Literacy and Numeracy Performance of Tasmanian Primary Schools 12 
2.2.1 Literacy (Reading and Writing) – Tasmanian Students‘  
          Performance against National Benchmark                                                                 14
2.2.2 Numeracy – Tasmanian Students‘ Performance against  
         National Benchmark                                                                                          18
2.3 Public Investment in Tasmanian Education  20 
2.4 Tasmanian-based Studies on Literacy and Numeracy  25 
2.5 Conclusion  28 
  
3 An Educational Production Function  29 
3.0 Introduction  29 
3.1 The Concept of Educational Production Function 28 
3.2 Models of Educational Production Function 31 
3.2.1 Contemporaneous Educational Production Model 34 
3.2.2 Value-added Educational Production Model 35 
3.2.3 Linear Growth Educational Production Model 36 
 3.2.4 Panel Data Model 38 
a.  Fixed Effects (FE) Model 39 
b. Random Effects (RE) Model 41 
c. Between Effects (BE) Model 44 
d. Pooled GLS Model 45 
3.3 Methodological Issues 46 
3.3.1 Levels of Analysis 46 
3.3.2 Omitted Variables 47 
3.3.3 Functional Form 47 
3.3.4 Endogeneity 48 
a. Randomised Experiments 49 
b. Simultaneous Equation Models 50 
vi 
 
c. Instrumental Variables (IV) 50 
d. Panel Data Approach 51 
3.4 Empirical Evidence 52 
3.4.1 Family Background and Student Performance 52 
3.4.2 Peer/Community Influence and Student Performance 56 
3.4.3 School Resources and Student Performance 60 
a. Class Size 60 
b. Teacher Quality 61 
c. Educational Expenditure 62 
3.4.4 Innate Ability and Student Performance 63 
3.5 Conclusion 65 
Appendix 3.1: A Derivation of the Educational Production Functions 67 
Appendix 3.2: Endogeneity Problem when a Lagged Test Score is Used as 
One of the Independent 72 
  
4 Concepts and Measures of Efficiency and Their Application in the Education 
   Sector 74 
4.0 Introduction 74 
4.1 The Concepts of Productivity and Efficiency in Education 75 
4.2 Empirical Evidence and Issues 76 
4.2.1 Stochastic Production Frontier (SPF) 76 
4.2.2 Data Envelopment Analysis (DEA) 83 
4.4 Conclusions 93 
Appendix 4.1: A Theoretical Review of Literature on Technical Efficiency 
in Educational Production 95 
Appendix 4.2: Microeconomic Concepts of Efficiency 109 
Appendix 4.3: On the Duality in DEA Linear Programming 114 
  
5 An Estimation of Educational Production Functions: The Case of Tasmanian 
   Public Schools 121 
5.0 Introduction 121 
5.1 Data and Sample Description 122 
5.1.1 Source of the Data 122 
5.1.2 Sample 122 
5.1.3 Description of the Variables 123 
a. Test Score Variables 124 
b. Student/Family Background Variables 126 
c. School Resource Variables 128 
d. Peer Background Variables 132 
5.2 Estimation Results and Discussion 133 
5.2.1 School Resources Effects on Literacy and Numeracy 
         Performance 135 
5.2.2 Student/Family Background Effects on Literacy & Numeracy 
         Performance 140 
5.2.3 Peer Background Effects on Literacy & Numeracy Performance 142 
vii 
 
5.3 Conclusions 144 
Appendix 5.1: Hausman Test 147 
Appendix 5.2: A Correlation Matrix of the School Resource Variables 149 
Appendix 5.3: Fixed Effects Estimations based on a Polynomial 
                        Specification 149 
  
6 An Evaluation of the Technical Efficiency of Tasmanian Public Primary 
   Schools 151 
6.0 Introduction 151 
6.1 Stochastic Production Frontier (SPF) 153 
6.1.1 SPF Specification 154 
a.Measure of Technical Efficiency 157 
b. Hypothesis Testing 158 
6.1.2 Data and Sample Description for the SPF Estimation 160 
a. Output Variable (A) 162 
b. Discretionary Inputs (X) 162 
c. Non-Discretionary/Environmental Variables (Z) 164 
6.1.3 Results of SPF Estimations 168 
a.Translog SPF Model 171 
b.Inefficiency Model 172 
c.Technical Efficiency Scores 174 
6.1.4 Concluding Remarks on the SPF Analysis 179 
6.2 Data Envelopment Analysis (DEA) 180 
6.2.1 DEA Specifications 180 
a. Input-Output Selection 180 
b. DEA Orientation 181 
c. Adjusting for the Environmental Factors 183 
d. Measuring Change in Technical Efficiency 185 
6.2.2 Data and Sample Description Used for the DEA Estimations 186 
6.2.3 Results of DEA 192 
a.Method A (Two-Stage Procedure) 192 
b.Method B (Rural-Urban Division) 199 
c.School-Level Analysis of the DEA Results 206 
6.2.4 Concluding Remarks on the DEA Analysis 212 
6.3 Comparison of SPF and DEA Results 213 
6.4 Conclusion 221 
Appendix 6.1: Formulae used to Construct the School-Level Data 224 
Appendix 6.2: School Rankings based on the SPF and the Adjusted-VRS 
                        Technical Efficiency Scores 225 
  
7 Conclusion  229 
7.0 Introduction 229 
7.1 Overview 229 
7.2 Policy Implications of the Findings 232 
7.3 Limitations and Direction for Future Research 236 
